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The  wear  process  in  bearings  generates  a  clean  active  surface. 
Carbon  is  known  to  form  readily  on  catalytic  surfaces  through  the 
reduction  of  carbon  oxides  or  hydrocarbons.  Carbon,  through  the 
adsorption  of  hydrocarbons,  water  vapor,  or  oxygen,  becomes  an 
effective  lubricant.  If  these  three  phenomena  can  be  made  to  work 
together,  a  new  concept  of  high  temperature  lubrication  would  be 
available. 

This  paper  presents  laboratory  investigations  towards  the  devel¬ 
opment  of  this  concept.  Carbon  has  been  successfully  /traduced  through 
catalytic  reduction  of  ethylene  on  a  variety  of  metallic  and  ceramic 
surfaces  containing  nickel.  This  carbon  has  been  shuum  to  reduce 
friction  at  a  sliding  interface  at  elevated  temperatures. 

INTRODUCTION 

Several  possibilities  exist  for  high  temperature  lubrica¬ 
tion.  They  are  each  listed  here  with  a  major  drawback  which 
needs  to  be  overcome. 

Synthetic  lluids:  500°C  maximum  use  temper. ituic 

Solid  lubricants:  replenishment 

Molten  glasses:  Solid  at  room  temperature. 

Only  solid  lubricants  show  jiiv  promise  ol  operating  trout 
ambient  lo  above  :500°C. 

Solid  lubricants  would  have  lo  be  replenished  in  older  lo 
provide  long  life  and  reliable  operation  at  high  temper. i- 
mres.  Various  ivpes  ol  replenishment  systems  have  been 
suggested,  anti  thev  include  such  methods  as: 

1.  Stick  or  Powder  Feed 

2.  Gaseous  or  l.iipud  Suspension  Iced 

5.  Incorporation  in  pockets  or  retainers 

4  Gaseous  materials  which  read  at  the  suil.ue 

All  example  of  this  last  method,  which  is  die  subject  ol 


fid 


this  paper,  would  be  to  chemically  form  the  lulu  icamjiJiCu 
rectly  on  the  bearing  surfaces  from  a  gaseous  feed  in.iieiyil. 
This  concept  is  not  entirely  new.  Deiuousuatiom  have  heel 
made  using  various  sulfur  or  chlorine  compounds  and  oxide 
films  (/),  (2)  and  a  U.S.  patent  has  been  issued  loi  die  gas 
phase  conversion  of  hydrocarbons  to  cuibon  in  rolling  cle¬ 
ment  bearings  at  500°C  (i j.  None  of  these  methods  have 
been  used  in  commercial  applications. 

This  paper  deals  spetiiically  with  the  lot m.iiion  and  lu¬ 
bricating  properties  of  carbon  which  is  (m  uted  In  ,  .ii.iImm 
dehydrogenation  or  cracking  of  hydrocarbons  on  poten¬ 
tially  trilxilogical  sui  laces.  In  a  previous  paper  i-f  t  we  showed 
that  the  carbon,  formed  bv  catalytic  dissoi  i.uion  c  >|  edit  lem¬ 
on  surfaces  containing  nit  kel,  would  greailv  i  c-dm  e  the  1 1  ■< 
lion  coefficient.  This  nickel  could  be  m  the  toi  m  ol  die  pm <• 
metal,  as  an  allov  constituent,  as  a  metallic  iranslci  iilm  muo 
a  ceramic  surface,  or  as  a  binder  in  miiici ed  cel .iiiik  v  \s  a 
result  of  die  deposition  ol  carbon  at  5i)id(  I  die  mi  l  I <<  u  m 
ol  luciion  ( fj. >  ill  a  pin-on-<hsc  Initton  tester  me.isoied  un¬ 
der  ainbieut  conditions  dioppetl  lo  v  allies  .o  low  is  O  I  \ 
high  temperature,  com  rolled  env  u  oiiinem .  pin -on -disc  l  in  - 
lion  lestei  v\.,s  .hen  lonstruited  vvimh  allowed  die  evalu¬ 
ation  '  luciion  and  weal  al  high  letupel  alines  si  n  i  v  t  ji  a  - 
neouslv  wnh  die  generation  ot  the  c.iihun  him  In  ins 
appal  at tis.  on  vm  lat  es  containing  mi  Kei .  die  mi n  m hi.  :  .u 
ol  ethvlene  caused  a  lapitl  drop  hi  u.  dowi 
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as  0.!)8  at  301  )°C.  When  die  etliv  lene  was  i  epl.u  ed  I  iv  luu'iinn 

U-  slowly  leliillied  to  Us  original  value  I  he  mine's  . . . 

he  repealed  bv  i  emu  oduciion  ol  die  elbvlene  Augvi  mu- 
lace  analysis  revealed  dial  die  sin  late  loiii.mied  giapiniii 
cailxiii.  nickel  and  owgen 

In  this  paper,  we  have  used  die  high  uioei ,u in  e  ,p- 
pai.uus  to  test  a  vanciv  ol  in.ilcn.ils  and  tii.ueii.ii  uimlii- 
n. moils.  These  nialeiials  me  hided  iiu  i.u.  aiiovs.  ,  ,  i.m.n  s 
jikI  i  einemed  carbides 
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BACKGROUND  oo 

1  lif  lot  m.iiion  ol  uihoii  mi  i  ,ii. ih  i  ii  Miit.nts  is  ,i  u.il  00 
known  .uni  il(Kimicuinl  uIiitidiihtiiiii  It  in  mhiu  imih  \  ,i 
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problem  and  sometimes  desired  and  has  been  studied  in 
relation  to  such  diverse  fields  as: 

1.  Deactivation  of  catalysts  in  hydrocarbon  processing 

2.  Precipitation  of  carbon  on  heat  exchanger  surfaces  of 
gas  cooled  nuclear  reactors 

3.  Manufacture  of  lamp  black 

4.  Coating  of  waste  nuclear  fuel  pellets 

5.  Coating  of  electron  tube  elements  to  increase  etnissiv- 
ity. 

6.  Cdnerntion  of  carbon  libers  for  high  strength  com¬ 
posites. 

Much  work  has  been  done  in  defining  the  conditions  anti 
types  of  surfaces  necessary  for  the  deposition  or  removal 
of  carbon  and  on  the  type  of  carbon  formed.  The  largest 
and  most  carefully  documented  body  ol  work  in  these  areas 
is  that  of  hydrocarbon  processing  catalysis.  The  majority  of 
the  basic  research  has  been  done  using  nickel,  iron,  or  mo¬ 
lybdenum  surfaces  and  simple  carbon  containing  gases  such 
as  CO,  C-.>H)t  and  CH.,  Examples  of  this  type  of  work  are 
given  in  the  Refs.  (5),  (6). 

High  temperature  applications  of  metals  and  ceramics 
require  formulations  which  demonstrate  high  strength  and 
chemical  inertness  (or  self-protection)  in  the  environment 
intended  lor  their  use.  Surfaces  are  desired  which  possess 
minimum  porosity  and  chemical  activity.  In  oxidmng  at¬ 
mospheres,  such  as  exist  in  gas  turbines,  materials  are  gen¬ 
erally  protected  bv  the  addition  of  aluminum,  silicon,  chro¬ 
mium,  arid  other  trace  elements.  These  materials  form  oxides 
which  are  thermodynamically  stable  and  which  are  also  rel¬ 
atively  meii  and  nonporous.  Most  commercial  ceramics  aie 
protected  tiv  aluminum  or  silicon  oxides  and  most  metals 
are  pioiected  bv  aluminum  ordiromuun  oxides.  Even  though 
these  oxides  aie  lelalivelv  inert  or  pioieclive,  variauons  ol 
them  aie  wulclv  used  in  commercial  catalysis  and  catalyst 
suppoits  Additional  metals  can  also  lie  mcoi  pot  atetl  into 
these  materials  bs  a  variety  of  proi  esses.  It  inav  he  possible 
to  irn  lease  the  catalytic  activity  ol  the  surl.it  es  low. oils  ic- 
duenon  ol  hviliot.u  boils  anti  Million  oxides  wiihoui  .ti¬ 
ler  i  mg  i  heir  high  lent  pel  alure  dm  ilnlitv  I  his  is  i  eallv  the 
kev  ol  this  luhrii  .mug  plot  ess.  to  develop  <  atalvtic  .utivitv. 
while  tti.it/it.iimng  sutlace  piotccimg  lovers. 

The  i  on  t  mum  g  i  egeneraiion  ol  carbon  lor  Inline  anon  is 
lied  to  li  ii  lion  al  removal  o f  al  le.isl  pan  ol  die  miiIum*  as 
1 1  in  k  1. 1 vers  ol  <  ai  bon  slop  die  t  .Hal v  I  it  i  cat  turn  I  Ins  pi  o- 
t  ess  is  indeed  him  Honing  hi  anv  tubbing  tcml.lii  In  high 
temper, ilut e  combustion  engines  iliru-  is  the  liuihei  unn- 

piicat inn  ol  all  ■  ixit I i/uig  al mos|>liei  e  and  t  oiitamiii.il ns  »  Hu  1 1 

must  lie  addressed 

(  .ii  I  a  rn  t  jo  bn  in  on  mii  I  at  es  in  several  tin  ins  depending 
on  hie  temperature,  materials,  and  kinetics  ot  1 1  it-  svstem 
In  taialvsis.  these  till  lerent  tvpesol  t.uljon  have  been  well 
t  It  k  uttirr » let  I  and  have  been  tin  it  led  into  g'  on|  is  bv  till  let  r  tit 
leseaichers  '7i,  i.Vj,  t‘h  1  best-  results  on  lie  genei  jli/cil 
into  (lit*  billowing  *  lassifit  at  ton  loi  (he  loim.tiion  ot  ,  ai  bon 
'  hi  rnt  kel  I  mm  ethylene 

I  (  ihemisoi  bed  ellnltne  wltli  intleasing  t  lei  i  v  *  1 1  ogena 
bon  up  In  11 II )“(  . 

g  t.nhulu  sli  in  mi  e ,  at  bin  in  hart 


3.  Graphitic  structure,  at  350°  to  5‘25°C 

4.  Encapsulating  structure  (thick  graphite  Liven  at  (>00 
to  1000°C 

At  high  temperatures,  c.iihon  solubililts  uu  leases  anil 
surface  carbon  begins  lo  dissolve  into  die  hulk  ni.Keii.il  As 
an  example,  this  occurs  at  aljoul  li50°CJ  lor  uu  kel  and  I  '.MOT . 
for  silicon  carbide.  Depending  on  tile  telative  rates  ol  loi- 
mation  and  solulion,  carbon  may  or  may  not  be  present  on 
the  surface  during  this  process.  On  cooling,  this  cat  bon  can 
precipitate  out  of  the  bulk  and  lot  in  a  uniloi  in,  glassy  gi  a- 
plntic  layer  (encapsulating  carbon)  ol  low  sutlace  activity. 

Carbon  can  also  be  formed  bv  gas  phase  precipitation  at 
very  high  temperatures  and  subsequently  settle  on  adjacent 
surfaces.  This  type  of  cat  bon  can  be  found  ev  en  m  unci  nal 
combustion  engines  {ID)  but  usually  is  relerretl  to  as  lamp 
black. 

Ol  the  various  types  ol  carbon,  graphite  is  wulclv  used 
as  a  boundarv  lubricant  and  encapsulating  i  ai  bon.  applied 
bv  sputtering,  is  used  as  a  protective  sut  lace  coating  and 
lubricant  on  metallic  computet  discs.  Other  tv  pcs  ol  carbon, 
such  as  carbidic  carbons,  are  known  to  lie  abiasivc 

MATERIALS 

I  he  purpose  ol  these  tests  was  lo  explore  the  lu.li. nun 
of  vatious  material  combinations  in  relation  to  then  ahiltiv 
to  form  lubricating  carbon.  The  lesis  constituted  a  v.uieiv 
ol  combinations  of  metal  and  ceramic  pins  and  disis  and 
metallic  films  applied  lo  die  discs.  1  lie  applied  met. illu  lilnis 
are  designated  as  "rubbed  lilnis"  since  iltcv  uc-tc  piodiucd 
bv  manually  rubbing  a  piece  ol  die  metal  against  a  <  et  .nine 
ilist  until  a  v  isible  film  was  fin  tiled  Rulihet!  lilnis  dillei 
from  transfer  films  m  dial  tfiev  are  produced  beloie  a  test 
is  begun  while  transler  lilnis  are  piodmed  dining  a  icm 
from  a  metallu  pm,  I  able  I  lists  die  ui.iUHiais  wlmii  weie 
evaluated  in  these  tests,  l  he  v annus  comlmi.u mus  ol  i  Ikm 
materials  acliiallv  used  are  lisled  in  lhe  seiiiou  mi  expei  i- 
uieiil.il  icsults. 

lhe  tliiee  gas  mixtuies  us  I  weie  chosen  m  siuh  a  wav 
as  i  o  make  one  met  l  tow  a  id  me  kel.  and  two.  i  at  lion  n  h  hi  mg 
In  i  oiH.iitiitig  el  1 1  v  leiie,  one  ol  wine  It  also  <  oiii.uiu'd  Ii  v  1 1  u  *- 
gen  All  die  .nmospheies  used  coiitauied  oulv  Miglu  .unouiits 
i-“  Id  ’  atmospht-tesl  ol  oxygen  because  uxvgen  minus 
die  ,  .il.il  v  I  u  rl  fet  1 1  v  eness  ol  uu  ki'l  1  lie  ,n  ihom  ii  h  it  s  ,  t  i 
ai  e  lisle  il  in  I  al  tie  J  1  lie*  el  In  letir -Itv  di  ogeii  un  \<  u  1 1  a  ..s 
<  I  lose  n  because  bvdingeti  is  olleti  added  ill  In  ill  i  u  al  f  *,  mi 
t  a  tab  sis  (o  ei  i  ham  e  die  i  eac  tiou  i  aie  <  u  n »  im.iiiii.iih  t  .iialv  -i 
el  t  cctiv  eness  lhe  appal  at  us  was  not  !  igl  u  I  v  sea  leu  and  gas 
Mini  emr.itions  weie  maintained  bv  die  ilow  i.iles  ,tl  lhe 
v at  mus  i  nnstuiieiiis  \igon  was  used  as  m  uiei  i  gas  pm  gr 
loi  die  outer  shell  and  a  Is*  i  dil  I  usei  1  inlo  l  lie  in  net  ,  liaiiil  u  I 
I  be  gas  miMuies  .uhieved  were  inaiv/ed  bv  a  lesidual  gas 
m.ilv  ,*er  ait. u  !>«-<  I  m  an  all  i  a  I  ugh  ■.  ,u  iiiiiu  umuii 

EXPERIMENTAL  METHODOLOGY 

I  (in  d'sls  well*  In -gnu  mill  ll/l  l  ajim  e  uuiilii  Ms  l.illmr  1  u*  ki  I 

loi  si  v  el  al  i  easi ms 

1  1 1  is  a  s  1 1  igle  ell  am  l  II 
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Table  1 — Materials  Tested 

Code 

Material 

“S  Nickel 

Comrosi  1  ion  Noils 

A 

Nickel  Metal 

99.907 

Ultra  pure 

U 

304  Stainless  Steel 

Metal 

10 

Commercial  Alloy 

C 

Inconel  600  Metal 

77 

Commercial  Alloy 

D 

Inconel  7  1 8  Metal 

5L> 

Commercial  Alloy 

E 

Silicon  Nitride 

Ceramic 

— 

Muiucrvsialiinc,  with  8*7  N'nri ti m 

Oxide 

K 

Aluminum  Oxide 

Ceramic 

Multiu yslallinc.  00.3*7  Fine 

G 

Aluminum  Oxide 

- 

Synthetic  Sapphire 

II 

Titanium  Carbide 

Cemented  Carbide 

23 

25*.?  Nickel  -t-  7.5*7  Muhbdeiuim 

Binder 

I 

Tungsten  Carbide 
Cemented  Carbide 

6 

b'i  N’tkcl  Binder 

J 

Boron  Nitride 

- 

Hexagonal,  OH  3*1  I’me 

K  1  Boron  Nitride 

— 

Hexagonal.  95't  1*1111* 

1. 

Boron  Nitride 

Composite 

— 

With  Titanium  Difxuutc* 

— 

M 

- 

— 

Boron  Nitride  — 

Composite 

With  38*1  Aluminum  ( )\ide 

2  Its  catalytic  behavior  is  very  well  documented 

3  It  is  a  very  effective  catalyst 

1  It  is  inexpensive  and  easv  to  fabricate. 

Nickel  bv  uscll  is  not  suitable  as  ..  high  temperature  bear¬ 
ing  material  because  of  its  low  strength  at  elevated  tem¬ 
peratures  However,  nickel  forms  the  base  loi  many  high 
temperature  ailovs  and  is  widely  used  as  a  binder  m  sintered 
i.uttmg  tool  materials.  Starting  with  pure  nickel  created  a 
base  line  for  tests  with  these  materials  as  well. 

Our  tests  were  run  with  a  pm  and  disc  inuion  tester,  i*  ''u." 
diameter  pin,  spherically  upped,  til)  gram  load,  A  RPM  speed. 
-3  mm/sec  sliding  speed j  in  a  controlled  atmospheie  at 
temperatures  up  to  b50°C.  In  this  tester  we  could  simul¬ 
taneously  generate  carlxm  on  .1  sm  lace  and  evaluate  changes 
m  (net ion  brought  jlxuit  bv  the  carbon.  Figure  1  sliovvs  a 
schematic  diagram  <>t  tins  appatatus  and  Fig.  ‘3  shows  .» 


1  mill  'J— Gas  Mixii  res  L'sed 

(  j  AS 

Numin.u  1 

Nt.MII>  K 

1Hsu.\\  t  1<  IN 

CoMmsl  1  ms  i 

t 

Inert 

5*7  1  Itlmtii 

0:5*7  \  1  grill 

Falls  lene  <  jtiu.mmig 

1 

50* i  Ii  Inline 

50' t  Aigon 

3 

Fthvlene  *  Mvdiogcn  Containing 

25T  Fills  lene 

25*7  llvdrngen 

50"  Argon 

typical  test  run  with  it  Data  output  is  in  the  Imm  ol  ship 
charts,  calibrated  to  read  dtieuls  in  jx 

In  Fig  2.  we  see  that  ibe  lest  i.m  be  divided  into  sevei.il 
sections.  It  was  begun  in  an  meil  atmnspiiri  t*  (gas  I)  ai 
room  temperature  with  a  p.  ol  aixnit  0  i  a  I  feaimg  in  500A  , 
bmught  p.  to  jlxiut  0.53.  When  an  el  hvlene-t  ontammg  at¬ 
mosphere  (gas  2)  was  introduced.  p.  diopped  almost  im¬ 
mediately  to  about  ()  10.  When  this  atmospheie  was  1  e- 
placed  with  the  men  aimosphete  (gas  1  ).  p.  mi  leased  h.u  k 
up  t  0.5")  over  a  30  minute  penod.  At  the  end  nl  the  test, 
gas  2  was  again  introduced  and  again  caused  an  immediate 
dt  op  m  p.  to  about  0  10 

EXPERIMENTAL  RESULTS 

All  the  tests  leported  are  similai  to  I  ig  2  and  weie  inn 
at  5u()°C  (except  lor  the  temper. ume  elicit  senesi  in  ilu- 
atmospheres  listed  in  Fable  2.  All  but  on**  nl  die  tests  well- 
begun  at  room  temperature  m  gas  I  and  men  healed  :n  die 
desired  operating  temperature. 

I  he  effects  ptnduced  well*  ijmte  laige  and  u  i\  ran  in 
distinguish  a  successful  material  combination  hum  an  un¬ 
success  1  ui  one.  Figui  e  3  shows  live  tv  pu  al  lesis  1  angmg  h  mu 
a  stiong  el  I  eel  lo  tin  elleit.  All  liicliun  tiinids  aie  pie- 
sen  led  wn  h  die  initial  ml  rodm  1  mi  is  ol  el  li\  lc  nr-i  uniaimng 
atmosphere  (gas  2)  aligned  since  this  is  while  die  gieniesi 
elicit  is  observed  In  some  texts  this  was  iheu  loiloued  bv 
gas  3  to  see  il  a  further  drop  in  Inchon  could  be  obtained 
and  all  tests  ended  with  gas  I.  What  lollows  here  aie  de¬ 
scriptions  of  v.uious  senes  ol  tesls  which  denmnshaie  as- 
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Fig.  1 — High  temperature  pin  on  disc  friction  testing  apparatus 


Fig.  2 — Typlc  high  temperature  pin  on  disc  test 
Material  Key 


Gas  Key 


pln:A:  Nickel 
dlsc:£:  Silicon  Nickel 


1  Helium  r-  Argon 

2  Ethylene  +  Argon 


peas  ot  ihe  lubrication  process.  These  test  descriptions  .ire 
then  followed  bv  .in  overnli  discussion. 

Rubbed  Metallic  Films  on  Silicon  Nitride 

Figure  -I  shows  two  tests  in  which  rubbed  mci.illic  hints 
were  applied  to  silicon  nitride  (material  E)  before  the  tests 
were  run.  Bo.  tests  were  run  with  a  sapphire  pin  ( material 
G).  The  first  film  was  pure  nickel  (material  A)  and  the  sec  • 
nnd  was  Inconel  <300  (material  C).  Both  hints  produced  a 
p  of  0.5  to  0.55  m  the  inert  atmosphere  and  both  dropped 
at  about  the  same  rate  when  the  cihvlcnc-contammg  at¬ 
mosphere  (gas  'J)  was  introduced.  The  value  ol  p  I'm  the 
first  him  dropped  to  0.08  and  stayed  low  for  the  remainder 
of  die  test  while  p  for  the  second  film  dropped  to  about 


0.1-  and  began  to  nutcase  almost  mnnedi.iielv  on  trin- 
trodnction  ol  thcmcit  at tnospbei e  t gas  1 1. 

Nickel-Containing  Materials 

Figure  5  slums  tests  which  were  run  on  rations  nnkel- 
contaming  discs  with  sapphire  pins  (material  Gi.  Two  ol  die 
discs  at  e  metallic  and  two  are  nu  kcl-bondcd  cemented  i  n  - 
bides.  I  be  metals,  bang  sol  ter,  si  timed  higher  p  hi  the  inn  i 
atmosphere  (gas  I).  On  mnoduetiou  ol  the  etbslene- 
uintammg  atmosphere  (gas  p  lot  both  die  uu  kel  (ma¬ 
terial  A)  and  the  lil.muun  i  ,u  bule'nu  kelouoh  bdeiuuti  ce¬ 
mented  cat  hide  (material  If)  began  to  drop  steadily  1  be 
Inconel  718  (material  0)  and  tungsten  cat  bide,' nu  kel  ,e- 
mentetl  carbide  im.uen.il  I )  showed  only  small  el  let  is  until 
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Fig.  3 — Rang®  of  effects  produced 
Materials  Key 
A  Nickel 

8  304  Stainless  teel 

C  Inconel  600 
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t  Helium  Argon 

2  Ethylene  Argon 

3  Ethylene  Hydrogen  +  Argon 


2 


<X  (L  (X  O 


2 


s  w5 


OF  FRICTION 


Fig.  4 — Comparison  of  rubbed  films  on  silicon  nttride  with  sapph/re  pins 

Materials  Key  Get  Key 

A  Nickel  E  Silicon  Nitride  1  Helium  ♦  Argon  3  Ethylene 

C  inconel  600  G  Sapphire  2  Eihyiene  ♦  Argon 
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Fig.  5 — Discs  of  nickel  containing  materials  run  with  sapphire  pins 

Materials  Key  Gas  Key 

A  Nickel  I  Helium  +  Argon 

D  Inconel  718  2  Ethylene  Argon 

G  Sapphire  3  Ethylene  +■  Hydrogen  Argon 

H  Titanium  Carbide  +  Nickel  ♦  Molybdenum 
l  Tungsten  Carbide  +  Nickel 


#»s  3  'etliviene  hvdmm  i  w.is  introduced. 

Sapphire  and  Nickel  Pins  on  Sapphire 

Kii»iire  «j  shows  the  results  lot  .his  test  series.  When  a 
sapphire  pm  iinaten.il  (i|  was  run  against  a  sapphire  disc 
/material  (;/.  no  elJert  was  noted.  When  a  nickel  ])in  (ma¬ 
terial  A i  was  substituted,  attain  no  significant  effect  was 
noted  l  hose  sapphire  dis<  s  were  optically  polished  and 
perhaps  a  ii«  krl  or  <  arhon  transfer  him  could  not  establish 
ii sell  in  the  iJnrd  test,  the  sapphne  disc  was  scratched  unit 
a  diamond  file  * l?f Ml  j^rn  I  to  roughen  its  surface.  In  this  case 
a  strong  rffui  was  observed,  p.  dropped  rapidly  to  the 
ethylene  conumiiu'  atmosphere  (gas  ’J)  and  the  sample 
showed  <  mnp.irativelv  good  went  I i I e  tn  the  inert  atmo- 
sphrt  e  'gas  1 ) 


Metallic  Pins  on  Ceramic  Materials 

Injure  7  compares  tests  of  pms  of  hk  U  l  uiuici  mI  \  i  n  a  j 
30-1  stainless  sieel  fmaieiial  H)  on  discs  of  mIuom  miiuh 
(material  E).  1  lie  value  of  p.  for  the  nickel  pm  test  dioppcd 
laster  and  to  a  lower  value  (0  10  vs  l)  13>  .uni  had  shrink 
better  wear  character  istics  than  the  .VS  30  I  pm  im.uetrai  Hi 
Tins  was  true  in  spite  of  tile  fait  that  die  SS  U)|  pm  u*m 
was  run  witli  the  elhslene  *■  Iiulm^ui  iiiisiuu  --.in  d 
which  generally  enhanced  die  hi  Him  a  ting  pit  ness 

Boron  Nitride  Tests 

Some  tests  were  run  on  Ixinm  nitnde  and  bc*n»n  mmdc 
compositions  tmaterials  |.  K.  I..  and  Mi  All  <»l  these  ma¬ 
terials  were  "nu<  hrriealile"  and  no  unite  noJi  As  mu  h.  iln 
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Rg.  8 — Boron  nitride  teste 
Materials  Key 
G  Sapphire 
J  Boron  Nitride 
K  Boron  Nitride 


Effect  of  Temperature 


V 


J  S  10 

.  COEFFICIENT 
or  roicTtON 


I  _ 

I 

20  25  30 

time,  minutes 


L  Boron  Nitride  +  Titanium  Olborlde 
M  Boron  Nitride  Aluminum  Oxide 


'hows  tests  run  u>  evaluate  die  el  feel  of  tem- 
petatute  on  the  process.  1  ltese  tests  were  run  on  silicon 
mtnde  discs  l material  F.i  with  rubbed  nickel  lilnis  (material 
\)  and  sapp/me  pins  Imatenal  remperatures  from  101) 
to  Dad’t :  were  run  as  shown  on  the  strip  charts  A  suinni.it  \ 
ol  the  <1.11.1  IS  "Hen  i*t  aplni  .ills  m  Ku.  |() 

DISCUSSION 

Uie  data  weir  evaluated  by  several  parameters  winch 
were  read  directly  from  the  strip  charts.  A  measure  ol  the 
rale  and  the  extent  of  the  calahnc  teaclton  was  gamed  liv 
how  taptdlv  and  how  low  g  drops  when  the  ethvlene- 
< ont. lining  .itmosplieie  (gas  ‘2)  was  mirodmed  and  l.v  how 
smooth  (lie  trace  became  under  the  mlluence  ol  the  cat  lion. 
Some  materials  surh  as  the  Inconcls  and  stainless  steels  gen¬ 
erate  protective  oxide  films  which  Inndet  die  catalvtn  pm- 


Gas  Key 

t  Helium  &  Argon 

2  Ethylene  +  Argon 

3  Ethylene  f  Hydrogen  +  Argon 


cess.  1  lie  additional  (Imp  in  g  ,u  lueved  w  hen  die  rdu  lene 
+  hvdiogcn  almospliere  (gas  (!)  was  mlioduieil  give  an 
indication  ol  the  presence  ol  these  dims.  At  noire,  nu  Isei 
oxide  is  dieruiodwiaimcalh  stable  down  to.umxigeu  p.,m.,i 
pressure  ol  It)  atmospheres,  chromium  oxide  e  stable 
down  to  IU  atmospheres  O...  and  aluminum  oxide  ,s 
stable  down  to  Id  11  atmospheres  <  ill)  I  he  ed  lem  - 
coiu.iiumg  atmosphere  (gas  2)  loniamed  oxvgmi  heiween 

10  •ln<l  10  '  atmospheres.  The  elliv  lene  and  livilmgee 

mill. lining  almospliere  (gas  li)  i omained  2f>  pel i  enl  Indio- 
gen  whit  h.  ill  rough  mu  version  lo  1 1  .( ),  i  ediu  es  die  cHe. 
uve  oxygen  partial  pressure  to  about  Id  atm.isphetes 
Ibis  means  lJi.il  nickel  oxide  can  he  udmed  m  dus  at- 
jni>>pju.*rc*. 

I’roper  wear  measmemenis  weie  not  made  llnwrwi. 
sonu-  estimate  ol  die  wear  111 .  oi  dmabiluv  ,,l  dies,  l,|,„s 
was  gamed  hv  evalualmg  die  nine  elapsed  allei  imum- 
duttioii  ol  the  men  amiosphete  (gas  1)  heloie  g  ,tl 
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Fig.  10— Summary  of  temperature  test 

Material  Key 

Gas  Key 

pin  G:  Sapphire  1 

Helium  Argon 

rubbed  film  :A:Nickel  2 

Ethylene  +  Argon 

disc:E:Silicon  Nitride  3 

Ethylene  +  Hydrogen  +  Argon 

|  Ruiim  | 

Tea:  Series  i  l*i 

N  ;  Film  1 

Dim 

Tam  e  3 — Overall.  Summary  ol  E.m'Ekimen  he  Dai  a 
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For  nickel,  it  appears  that  a  temperature  of  at  lea^t  450<>C 
is  required  to  produce  p  less  than  0.10  with  the  ethylene- 
containing  atmosphere  (gas  2)  and  that  at  650°C,  the  process 
may  be  loosing  some  of  its  effectiveness  as  indicated  by  the 
slower  rale  of  the  decrease  of  p  on  introduction  of  this 
atmosphere.  In  addition,  the  500°C  test  appears  to  have  a 
better  wear  life  for  the  carbon  film  compared  to  the  600 
and  650°C  tests. 

Table  3  presents  an  overall  summary  of  the  data  in  tabular 
form  as  read  from  the  strip  charts  and  Fig.  I  1  shows  low- 
magnification  SEM  and  optical  microscope  photographs  of 
representative  samples.  The  appearance  of  the  carbon  on 
the  surfaces  and  in  the  wear  tracks  is  clearlv  visible  on  some 
of  the  samples. 


CONCLUSIONS 

In  conclusion  we  can  sav  lubricating  cuibou  lilius 
can  be  produced  by  the  catalytic  dissociation  of  eihvlene- 
containing  atmospheres  on  nickel  containing  surfaces.  The 
nickel  can  be  present  as  a  pure  element,  an  alloy  component, 
a  metallic  rubbed  film,  a  metallic  transfer  film,  or  as  a  binder 
in  ceramic  composites.  Parallel  to  the  production  of  this 
carbon,  we  found  a  drop  in  p  to  values  below  0. 1U  measured 
at  elevated  temperatures.  The  process  was  successful  at  low 
oxygen  partial  pressures  which,  however,  were  still  ther¬ 
modynamically  capable  of  producing  oxides  on  the  metals 
involved  and  oxygen  yvas  found  to  be  a  constituent  of  the 
films  by  Auger  surface  analysts. 


Run  19 — Nickel  pin  on  scratched  sapphire 
Optical — 50X 

Wear  track  Is  upper  left  to  lower  right.  Carbon  has  formed 
on  wear  track. 


wm  -a 


Run  24 — Sapphire  on  boron  nitride 
SEM — tOOX 

Wear  track  Is  vertical  in  center  of  picture.  No  carbon  formed. 
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Run  37 — Rubbed  nickel  film  on  silicon  nitride  before  exposure  to 
ethylene 
SEM—  100X 

No  wear  track,  shows  appearance  of  nickel  on  Silicon  ni¬ 
tride  surlace. 


Run  10 — 304  Stainless  sieel  on  silicon  nitride 
Optical— 100X 

Wear  track  is  lower  left  to  upper  right.  Carbon  has  formed 
on  wear  track. 


Fig.  11— Typical  appearance  of  wear  tracks 
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accrvr*  o.r  on  'uboed  mckei  turn  on  silicon  nitride 


4*”«  »*  M-r  after  •■oosure  to  ethylene  Wear  track  it 
t  ■'  j-  r  01  Carbon  has  formed  over  tit  ot 


Run  31 — Sapphire  on  inconel  718 
SEM — 100X 

Wear  track  is  vertical  in  center  of  picture.  Carbon  has  formed 
on  wear  track. 
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